In September 2009, scientists concerned over the lack of information available on the high-end scenarios of global warming held a conference at Oxford to pool their insights into the challenges the world will face if global temperatures rise by 4°C or more. Building on the information collected there, organiser Mark New and colleagues have now compiled a themed issue of the Philosophical Transactions of the Royal Society, entitled 'Four degrees and beyond: the potential for a global temperature increase of four degrees and its implications', which was released on the first day of the Cancún climate change meeting.
The 13 contributions cover issues ranging from the climate forecasts to the question of if and how a catastrophic temperature rise can be averted, and, if it can't be averted, how it will affect specific areas such as population movements, agriculture, water availability, forests, etc.
The climate prognosis, as analysed by Richard Betts from the Met Office in Exeter, UK, seems to suggest that 4°C warming may not be that far away. A realistic scenario assuming that the current reliance on fossil fuels continues, but with little positive carbon-cycle feedback (such as methane released from deep-sea methane hydrate reservoirs as the oceans warm up), arrives at 4°C by the 2070s. Adding in carbon-cycle feedback, the threshold could be reached by the early 2060s. This prediction is consistent with the IPCC's 2007 Assessment Report, which predicted warming of between 1.6 and 6.9°C by the end of the 21st century.
So, if a 4°C temperature increase could be upon us within 50 years from now, we should better know what challenges we and our descendants are going to face.
Rising sea levels are among the most often cited consequences of climate change, but they are also notoriously difficult to predict, due to the vagaries of melting ice sheets. Even when taking a 4°C temperature increase as given, the sea-level change associated with that could range from 0.5 metres to 2 metres, according to Sally Brown's As the 2°C target in the Copenhagen Accord begins to appear increasingly elusive, researchers have drawn up an overview of the challenges the world will face if global temperatures rise by 4°C or more. Michael Gross reports.
research at Southampton University. At the higher end of this range, the rising water may displace up to 187 million people.
Looking more closely at population displacements not just from coastal areas, but also from sub-Saharan Africa, François Gemenne from the University of Liège, Belgium, fears that "a greater temperature change would not only affect the magnitude of the associated population movements, but also -and above all -the characteristics of these movements, and therefore the policy responses that can address them."
Tropical forests may shrink in many areas, including the Amazon, Central America, and parts of Africa, warns Przemyslaw Zelazowski from the Environmental Change Institute at the University of Oxford, but some areas such as the Congo Basin, may also see expansion of forests.
Adapting to global warming of 4°C cannot be seen as a mere extrapolation of adaptation to 2°C
Similarly, freshwater availability may improve in some areas and deteriorate in others, says Fai Fung, who also works at Oxford. Fung's predictions show a significant difference between a 2°C and a 4°C warming. In the former case, the water availability is still mainly determined by population growth, whereas in the higher temperature scenarios global warming becomes the most significant influence.
One important point to remember, says Dan Bebber from the Earthwatch Institute, is that the predicted warming is a global average, encompassing great spatial variability. "To date, the Arctic has seen the largest temperature rises (known as 'polar amplification'), thought mainly to be due to feedbacks resulting from retreating ice and snow," Bebber explains. "The rapid warming of the Arctic is of concern because of these feedbacks, plus others such as the release of methane from thawing permafrost. Other regional extremes are worrying from an anthropocentric perspective, such as the strong warming and drying of Southern Europe and North Africa."
What do these findings and projections imply for climate policy and adaptation strategies? Niel Bowerman from Oxford's physics department advocates keeping an eye on both the cumulative CO 2 emission, and the rate of emission at any given time. Cumulative emissions will determine the peak warming, while the emission rates will determine the warming rates in the short term, which are also responsible for much of the adaptation costs.
Bowerman comments: "Many people think that the reason why emissions need to peak soon is to save the climate of the 22nd century, but our research highlights a more immediate reason. We need to start cutting emissions soon to avoid potentially dangerous rates of warming within our lifetimes, and to avoid committing ourselves to potentially unfeasible rates of emission reduction in a couple of decades' time."
Rachel Warren of the University of East Anglia at Norwich points out that mitigation and adaptation efforts must take into account the complex interactions between the various systems affected by climate change. In a four degrees world, she says, feedbacks adding to the problems are much more likely than in the two degrees scenario. In any case, more research and better modelling is needed.
Mark Stafford-Smith at CSIRO (Canberra, Australia) highlights the challenges that adaptation requirements pose for policymakers. "Adapting to global warming of 4°C cannot be seen as a mere extrapolation of adaptation to 2°C; it will be a more substantial, continuous and transformative process," StaffordSmith writes. Long-term policy decisions are always difficult to establish in a political system caught in the electoral cycle, and the sheer size and complexity of the task ahead may paralyse politicians, Stafford-Smith fears.
"The potential severity of impacts, and the behavioural, institutional, societal and economic challenges involved in coping with these impacts, argues for renewed efforts to reduce emissions, using all available mechanisms, to minimise the chances of high-end climate change," concludes Oxford's Mark New.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk
Maldives take a climate lead
The Maldives hopes to be the first state to be carbon neutral but threats from sea-level rise still dominate. Nigel Williams reports.
The Maldives carried out one of the most dramatic stunts ahead of the Copenhagen climate summit last December: wearing full diving gear, ministers held a cabinet meeting on the seabed. The aim was to highlight the vulnerability of the Indian Ocean archipelago -much of the land is less than 1.5 metres above sea level.
And this year, ahead of the Cancún climate talks, alarm is growing about the threat of sea-level rise, but the Maldives also announced that it is aiming by 2020 to become the first carbon-neutral country.
At a news conference last month, the president, Mohamed Nasheed, said that an audit had been carried out covering all 310,000 citizens. The results estimated that tourist flights to the islands emitted as much greenhouse gases as all of the population.
The audit is a prelude to an investment plan next year in solar, wind and wave power and to the introduction of limits to fuel imports to less than 15 per cent of GDP. Carried out by auditors BeCitizen, it estimated that the Maldivians emitted 1.3 million tonnes of carbon dioxide in 2009 through electricity generation, transport, waste and fishing. For emissions that will be covered by the carbon-neutral plan, Maldivians produce 4.1 tonnes per person. This compares with 5.5 tonnes per person in China and 23.5 tonnes per person in the US.
The plan is that any emissions above the carbon-neutral targets will be offset by the increased planting of mangroves and purchase of carbon credits.
"Achieving carbon neutrality by 2020 is possible," said Flora Bernard, associate director of BeCitizen. Only a few countries have set goals of becoming carbon neutral, including Costa Rica and Norway, but, if the Maldives plans work out, it could be the first.
While the Maldives is unsurprisingly so concerned about sea-level change, as it affects the whole population
